BIRTH DEFECT RISK FACTOR SERIES:
ORAL CLEFTS

DEFINITION

The two main types of oral clefts are cleft lip and cleft palate. Cleft lip is the congenital failure of the
maxillary and median nasal processes to fuse, forming a groove or fissure in the lip. Cleft palate is the
congenital failure of the palate to fuse properly, forming a grooved depression or fissure in the roof of the
mouth. Cleft lip and cleft palate can occur alone or together. For etiologic reasons, cleft lip with or without
cleft palate are often grouped together and isolated cleft palate is kept separate. Oral clefts frequently
occur with a wide range of chromosomal abnormalities and syndromes (trisomy 21, trisomy 13, amniotic
band anomalad, Fryns syndrome, Meckel syndrome, Stickler syndrome, Treacher Collins syndrome, van
der Woude syndrome, Velocardiofacial syndrome, etc.) (Torfs and Christianson, 1998; Kallen et al., 1996;
Stoll et al., 1991).

Oral clefts can be detected by antenatal ultrasound, although the prenatal detection rate is relatively low.
Because of prenatal detection of oral clefts and/or other birth defects, a few fetuses with oral clefts are
electively terminated in areas where prenatal detection and elective termination are available (Sohan et
al., 2001; Clementi et al., 2000; Forrester et al., 1998; Stoll et al., 1995; Stoll et al., 1992; Stoll et al., 1991).

DEMOGRAPHIC AND REPRODUCTIVE FACTORS

There are racial/ethnic differences in risk for oral clefts. Asians generally have been reported to have the
highest risk, followed by whites, Hispanics, and African-Americans (Das et al., 1995; Leck and Lancashire,
1995). In one study, risk of cleft lip with cleft palate was higher among infants of Viethamese mothers
when compared with infants of non-Hispanic white mothers, while there was no difference between the two
populations for risk of cleft palate alone (Shaw et al., 2002). Several investigations have reported oral cleft
rates to be highest among Native Americans (Croen et al., 1998; Chavez et al., 1988; Lowry et al., 1986).
Among Asians, the risk for oral clefts is higher among Far East Asians (Japanese, Chinese, Korean) and
Filipinos than Pacific Islanders (Croen et al., 1998; Yoon et al., 1997).

In part because of the racial/ethnic differences in oral cleft prevalence, genetic factors are believed to
account for some of the defects. There is evidence of two main types of cleft lip and palate in whites
(Ardinger et al., 1989; Chung et al., 1986; Johnston et al., 1989). One type is controlled by a single gene,
which may code for a transforming growth factor-alpha (TGFa) variant. The other type is multifactorial
in nature. Asians do not appear to have a major gene etiology for oral clefts (Ardinger et al., 1989; Chung
et al., 1986; Chung et al., 1987; Johnston et al., 1989). Polymorphisms in the microsomal epoxide
hydrolase (EPHX1), glutathione S-transferase (GSTM1), BCL1, cytochrome P450 1A1 (CYP1A1l), and
glutathione S-transferase theta 1-1 (GSTT1) genes were not found to be associated with risk for cleft
lip with or without cleft palate (Rittler et al., 2001; van Rooij et al., 2001). Neither does mutations in the
Sonic Hedgehog gene appear to influence oral cleft risk (Orioli et al., 2002).

Several studies have reported increased risk of oral clefts with increased maternal age (Shaw et al.,
1991). However, these studies generally included a small number of cases. Several other studies failed
to identify a maternal age risk for cleft lip and palate (Hollier et al., 2000; Baird et al., 1994; Stoll et al.,
1991). Oral cleft risk may also be higher with both the lowest and the highest paternal age groups
(Mclintosh et al., 1995) or may not be associated with paternal age (Stoll et al., 1991).

Demographic factors not considered to affect risk for oral clefts include season (Stoll et al., 1991; Castilla
et al., 1990; Bound et al., 1989), geographic location (Christensen et al., 1995; Stoll et al., 1991), and
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parity (Shaw et al., 1991; Stoll et al., 1991). One investigation did report risk of cleft lip, but not cleft
palate, to be increased with higher altitude (Castilla et al., 1999).

Infant sex influences the risk for oral clefts. Males are more likely than females to have a cleft lip with or
without cleft palate, while females are at slightly greater risk for isolated cleft palate (Ko et al., 2001; Lary
and Paulozzi, 2001; Natsume et al., 2000; Riley et al., 1998; Das et al., 1995; Stoll and EUROCAT
Working Group, 1995; Lowry et al., 1986; Owens et al., 1985; Shaw et al., 1991; Stoll et al., 1991). Oral
cleft rates do not appear to be affected by plurality but are higher with lower birth weight (Riley et al.,
1998; Doyle et al., 1991; Mili et al., 1991; Ramos-Arroyo, 1991; Stoll et al., 1991; Kallen, 1986) and
prematurity (Rasmussen etal., 2001). However, one study found increased risk for cleft lip with or without
cleft palate in multiple gestation pregnancies, but not for cleft palate alone, (Mastroiacovo et al., 1999).
Oral clefts have been associated with intrauterine growth retardation (Khoury et al., 1988). There is no
association between oral clefts and macrosomia (Lapunzina et al., 2002; Waller et al., 2001).

Consanguinity may increase risk of oral clefts (Rittler et al., 2001; Stoltenberg et al., 1997; Stoll et al.,
1991).

FACTORS IN LIFESTYLE OR ENVIRONMENT

Various studies have suggested that oral cleft risk increases with lower socioeconomic status (SES),
although other studies failed to support this (Vrijheid et al., 2000). Education does not appear to influence
oral cleft rates (Stoll et al., 1991).

Increased risk of oral clefts has been linked with maternal occupations of leather worker, hairdresser,
and housekeeper and exposure to aliphatic aldehydes, glycol ethers, aliphatic acids, glycol ethers,
biocides, lead, antineoplastic drugs, trichloroethylene, and aliphatic solvents (Cordier et al., 2001,
Lorente et al., 2000a; Bianchi et al., 1997; Cordier et al., 1997; Laumon et al., 1996). One investigation
identified no significant association between maternal nursing occupation and oral cleft risk (Matte et
al., 1993). The water contaminants trichloroethylene, tetrachloroethylene, andtotal dichloroethylenes
have been associated with elevated oral cleft rates (Bove et al., 1995), although several studies observed
no association between oral clefts and water chlorination (Jaakkola et al., 2001; Kallen and Robert, 2000).
One investigation found no association between total trihalomethanes and oral clefts (Dodds et al., 1999),
and another study found no relationship between chloroform orbromodichloromethane in drinking water
and risk of cleft defects (Dodds and King, 2001).

Maternal occupational exposure to organic solvents such as xylene, toluene, and acetone have been
reported to increase the rate of cleft lip (Wyszynski and Beaty, 1996; Holmberg et al., 1982). Maternal
agriculture work, home proximity to agriculture, and exposure to pesticides has been reported to
increase rates of oral clefts (Garcia et al., 1999; Wyszynski and Beaty, 1996; Nurminen et al., 1995;
Gordon and Shy, 1981); however, other studies failed to find a link between pesticides and oral cleft risk
(Shaw et al., 1999a; Kristensen et al., 1997; Wyszynski and Beaty, 1996). Paternal agricultural work and
pesticide exposure was not found to affect oral cleft rates (Garcia et al., 1999). One study failed to find
any link between parental occupational exposure to lead and oral cleft risk. However, the number of cases
in the study was small, and the measure of lead exposure was based on census records (Irgens et al.,
1998). Another investigation reported increased risk of oral clefts, mainly cleft lip, with environmental lead
exposure; the risk declined with decreasing environmental lead levels (Vincenti et al., 2001).

Living in proximity to hazardous waste sites does not appear to increase risk for cleft lip and palate (Dolk
etal., 1998; Croen et al., 1997). An investigation failed to identify any significant association between oral
clefts and proximity to various types of industry (Castilla et al., 2000). One study reported a negative
association between isolated cleft palate risk and maternal, but not paternal, occupational exposure to
electromagnetic fields; Ther was no association between cleft lip risk and maternal or paternal
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occupation exposure to electromagnetic fields. However, exposure was based on linkage to census data
and exposure assessments by an expert panel (Blaasaas et al., 2002).

One study that examined the relationship between ambient air pollution and isolated oral clefts found no
clear association between the defects and carbon monoxide, nitrogen dioxide, ozone, or PM,, (Ritz et
al., 2002).

Research has reported no impact of paternal occupations of painter, printer, welder, forestry, driver,
sales, or electric occupation on oral cleft risk (Irgens et al.,, 2000). One investigation reported no
association between paternal ionizing radiation exposure in the nuclear industry and oral cleft rates
(Doyle et al., 2000).

Several studies have reported maternal psychosocial or emotional stress during pregnancy may
increase risk of having an infant with an oral cleft (Hansen et al., 2000; Carmichael and Shaw, 2000). One
hypothesis is that this that the oral clefts are induced because of maternal production of cortisone, a
stress hormone. However, investigations of a possible relationship between cortisone and corticosteroids
in pregnancy and oral clefts are mixed (Park-Wyllie et al., 2000; Kallen et al., 1999; Rodriguez Pinilla and
Martinez Frias, 1998; Czeizel and Rockenbauer, 1997; Robert et al., 1994).

The anticonvulsant medications such as phenobarbital and methyphenobarbital have been
documented to increase incidence of oral clefts (Arpino et al., 2000; Wyszynski and Beaty, 1996; Dravet
et al., 1992; Dansky and Finnell, 1991; Hanson et al., 1976). However, there is some guestion as to
whether this increase is due to the medications or the underlying epilepsy (Wyszynski and Beaty, 1996),
although one study found no association between epilepsy and oral clefts (Stoll et al., 1991).
Trimethadione, valproate, dilantin, isotretinoin, and aminopterin have been identified as potential
causative factors for oral clefts (Ardinger et al., 1988; Benke, 1984; Hanson et al., 1984; Warkany, 1978;
Feldman et al., 1977; Zackai et al., 1975; Meadow, 1970). Diazepam (Valium) and Bendectin have not
been found to increase the rate of oral clefts (Rosenberg et al., 1983; Mitchell et al., 1981). Maternal use
of the benzodiazepines nitrazepam, medazepam, tofisopam, alprazolum, and clonazepam have not been
associated with oral cleft risk (Eros et al., 2002). An investigation noted increased risk of cleft lip with or
without cleft palate with maternal use of co-trimoxazole (sulfamethoxazole and trimethoprim, Bactrim,
Septrin, Septra, Sumetrolim); however, exposure to the medication was not higher during the critical
period of defect formation (Czeizel, 1990). Oral clefts do not appear to be associated with maternal use
of cough medicines containing dextromethorphan (Martinez-Frias and Rodriguez-Pinilla, 2001),
cephalosporin antibiotics (Czeizel et al., 2001a), nalidixic acid (Czeizel et al., 2001b), augmentin
(Czeizel et al., 2001c), or calcium channel blockers (Sorensen et al.,, 2001). Investigations have
observed increased rates of oral clefts with maternal use of oxytetracycline and ampicillin during
pregnancy (Czeizel and Rockenbauer, 2000; Czeizel et al., 2001d). Cleft palate, and possibly cleft lip, may
be associated with use of misoprostol, a synthetic postaglandin used for elective termination (Orioli and
Castilla, 2000).

Maternal common cold in the first trimester of pregnancy has been reported to increase risk of cleft lip
(Zhang and Cai, 1993). Maternal hyperthyroidism and hypothyroidism do not appear to influence risk
of oral clefts (Khoury et al., 1989a), although several investigations reported higher rates of oral clefts
among mothers who had hypertension (Ko et al., 2001; Stoll et al., 1991). Maternal fever and influenza
and exposure to radiation do not seem to be associated with oral clefts (Stoll et al., 1991). Maternal
urinary tract infection has not been linked with oral cleft risk (Beaty et al., 2001). Higher rates of oral
clefts have been reported with maternal diabetes (Aberg et al., 2001; Ko et al., 2001; Spilson et al., 2001;
Janssen et al., 1996; Becerra et al., 1990), although one investigation reported no such association
(Ramos-Arroyo et al., 1992). One study noted increased rates of infants with oral clefts born to women
with obesity but who were not diabetic (Moore et al., 2000).
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Maternal smoking has been linked to cleft lip and palate in their children; however, the studies have not
been conclusive (Beaty et al., 2001; Ko et al., 2001; Mitchell et al., 2001; Lorente et al., 2000b; Lieff et al.,
1999; Werler, 1997; Stoll et al., 1991; Van Den Eeden et al., 1990; Werler et al., 1990; Khoury et al.,
1989b; Khoury et al., 1987; Shiono et al., 1986; Christianson, 1980; Erikson et al., 1979). Alcohol has
also been presented as increasing the risk of oral clefts (ko et al., 2001; Lorente et al., 2000b; Shaw and
Lammer, 1999; Munger et al., 1996; Werler etal., 1991; Hassler and Moran, 1986; Streissguth et al., 1980;
Clarren and Smith, 1978), although not all studies have reported this association (Beaty et al., 2001;
Mitchell et al., 2001). Caffeine has not been linked to oral cleft risk (Rosenberg et al., 1982). One
investigation found mothers of infants with oral clefts drank less alcohol and less coffee during early
pregnancy than mothers of normal infants (Natsume et al., 2000). Maternal recreation drug use has not
been reported to affect oral cleft rates (Beaty et al., 2001).

Periconceptional use of electric bed-heating devices (electric blankets, bed warmers, and heated
waterbeds) does not appear to affect risk for oral clefts (Shaw et al., 1999b; Dlugosz et al., 1992).

Nutrition has been suggested as playing a role in the risk of oral clefts. Maternal multivitamin use has
been found to result in a reduction in cleft palate and cleft lip risk (Itikala et al., 2001; Loffredo et al., 2001,
Werler et al., 1999), although not all investigations have reported this association (Beaty et al., 2001).
Several studies have reported decreased rates of cleft lip and palate with folic acid use (Czeizel et al.,
1996; Mulinare et al., 1995; Munger et al., 1997; Shaw et al., 1995; Tolarova and Harris, 1995), while other
studies have failed to find such an effect (Hays et al., 1996). Some ambiguity of the studies may be
explained by recent research that found oral cleft risk can be reduced only by high doses of folic acid
consumed at the time of lip and palate formation (Czeizel et al., 1999). Data suggest that folic acid
antagonists suchasdihydrofolatereductaseinhibitors, antiepileptic medications, and co-trimoxazole
increase risk of oral clefts (Czeizel et al., 2001e; Hernandez-Diaz et al., 2000; Czeizel, 1990). Vitamin B-
12 and zinc have also been reported to reduce risk of oral clefts (Munger et al., 1997).

In general, environmental factors are considered much less important than genetic factors in the etiology
of oral clefts (Christensen et al., 1995; Fraser, 1970). However, genes and environment may operate in
combination to affect oral cleft risk. Mutations in the methylenetetrahydrofolate reductase (MTHFR)
gene have been offered as potential risk factors for oral clefts, although the results of studies have been
inconsistent (Beaty et al., 2002; Martinelli et al., 2001; Mills et al., 1999; Gaspar et al., 1999; Shaw et al.,
1998a). Certain mutations in the transforming growth factor-alpha (TGFa) gene and smoking or
multivitamin use may affect oral cleft risk (Christensen et al., 1999; Shaw et al., 1998b; Beaty et al., 1997,
Shaw et al., 1996; Hwang et al., 1995), although not all investigation had reported associations with these
genes (Beaty et al., 2002; Beaty et al., 2001). Mutations in transforming growth factor-beta (TGFb) and
Msh homeobox homolog 1 (MSX1) genes have been associated with increased risk of cleft palate (Beaty
etal., 2002; Beaty et al., 2001; Mitchell et al., 2001). Maternal smoking in the presence of the GSTT1-null
genotype has been associated with increased risk of oral clefts (van Rooij et al., 2001). TGFb and MSX1
may interact with maternal smoking or alcohol to influence risk of oral clefts (Romitti et al., 1999), although
the results of investigations into this interaction have been inconsistent (Mitchell et al., 2001).
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Please Note: The primary purpose of this report is to provide background necessary for conducting cluster
investigations. It summarizes literature about risk factors associated with this defect. The strengths and
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limitations of each reference were not critically examined prior to inclusion in this report. Consumers and
professionals using this information are advised to consult the references given for more in-depth information.

This report is for information purposes only and is not intended to diagnose, cure, mitigate, treat, or prevent
disease or other conditions and is not intended to provide a determination or assessment of the state of health.
Individuals affected by this condition should consult their physician and when appropriate, seek genetic
counseling.
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